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I nt roducti on

The ultimate goal of I|ivestock and neat science research
should be to identify the nost efficient neans to produce
whol esone, nutritious, highly palatable products that fit the
needs of consuners. |In the United States, per capita consunption
of red neat has steadily declined over the last thirty years due
to a failure of the neat industry to provide econom cal products
that neet all of the needs of the nodern consuner. Many factors,
nost of which are beyond the scope of the present discussion,
have contributed to the failure of the red neat industry to keep
up wi th changi ng needs and desires of consuners. One factor that
has |limted the red nmeat industry’'s ability to inprove product
desirability is genetic antagonismns. The present discussion
centers on the genetic antagoni sm between carcass conposition and
nmeat tenderness associated with the callipyge condition in |anb.
I nformati on gained from studying this antagonism in |lanb should
help researchers to chart a course for overcomng simlar
ant agoni sns, including those not yet discovered, in species of
greater econonm c inportance. G ven the high level of conserved
genom ¢ synteny anong ovine and bovine, this information should
be readily applicable to cattle.

I nheritance of Callipyge

To fully understand the potential effects of the callipyge
phenotype on the lanb industry, one nmust have an understandi ng of
the node of inheritance of the callipyge condition. |Inheritance
of the «callipyge <condition has been described as polar

overdom nance (Cockett et al., 1996) because only heterozygous
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i ndi viduals that have inherited the nutant callipyge allele from
their sire and the normal allele from their dam express the
cal | i pyge phenot ype.

Al though the inheritance of the callipyge condition is
conplex, it would still be rather easy to inplenent mating
systenms to maximze the production of callipyge |[|anbs.
Production of <callipyge lanbs would be nmaximzed by mating
honozygous callipyge ranms, which would appear phenotypically
normal, w th honobzygous normal ewes. Until recently, the only
method to identify honobzygous callipyge sires for such a mating
program was to progeny test those ranms by mating themto a |arge
nunber of honbzygous normal ewes and eval uating the phenotype of
of f spri ng. Since the gene responsible for the callipyge
condition has been localized to ovine chronosone 18 (Cockett et
al., 1994) and its position refined (Freking et al., 1998a), it
is now possible to use marker-assisted selection to identify
honozygous callipyge aninmals. Thus, flocks of honpzygous
callipyge animals could be established to produce honobzygous
callipyge rans for a termnal mating system The nost |ogica
approach would be to introgress the nmutant callipyge allele into
a termnal (neat type) sire line. Wen honozygous callipyge rans
produced from such a line are mated to nornal, maternal |ine
ewes, 100% of the progeny would be expected to express the
cal | i pyge phenot ype.

Characterization of Callipyge
For nost traits of economc inportance to the lanmb industry,

the effect of the callipyge condition has been well docunented.
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Conmpared wth nornal lambs of simlar breed type, |anbs
expressing the callipyge phenotype have simlar birth weights,
weani ng wei ghts, and post-weaning growh rates (Jackson et al.,
1997a). The incidence and severity of dystocia are simlar for
normal and callipyge |anbs. Callipyge lanbs do not appear
phenotypically different from their normal siblings unti
approximately 2 to 12 wk of age.

G ain-fed Market Lanbs

Dressing percentage is 3 to 5 percentage points higher for
cal li pyge carcasses than normal carcasses (Koohnaraie et al.,
1995b; Jackson et al., 1997b). The increased dressing percentage
of callipyge results froma conbination of a tendency for reduced
wei ghts of nost dress-off itens (internal organs, perinephric
fat, and pelt but not head or blood) and a tendency for callipyge
carcasses to be heavier (Koohmaraie et al., 1995b).

Cal l'i pyge | anbs produce carcasses that are approxi mately 30%
nore nuscular and that have 30% less fat (Koohmaraie et al.,
1995b; Jackson et al., 1997b). The cal li pyge phenotype reduces
subcut aneous, i nt ernuscul ar, i ntranuscul ar, and perinephric
f at ness. The conbined effects of the callipyge condition on
dressing percentage, nuscularity, and fatness result in dramatic
i nprovenents in yields (Table 1; Jackson et al., 1997b).
Depending on the retail fabrication style, trimlevel, and nethod
of expressing yields, the inprovenent in yield associated wth
the callipyge condition ranged from 7.7% (bone-in, untrinmed

retail product as percentage of carcass weight) to 32.6%
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(bonel ess, conpletely trimed retail product as percentage of
live weight).

The increased nuscling associated wth the callipyge
phenotype is not uniform across all nuscles (Table 2). Wights
of nost major nuscles are increased by the callipyge condition
however, the effect is not uniformand, in fact, weights of sone
shoul der nuscles are not affected by the callipyge condition
(Koohnmaraie et al., 1995b; Jackson et al., 1997c).

Wy are callipyge nore nuscul ar?

Know ng that callipyge |anbs were nore nuscular than their
siblings, we set out to determ ne the mechani sns responsible for
the increased nuscularity of callipyge.

Hyper pl asi a or hypertrophy?

The first question that we attenpted to answer was if the
i ncreased nuscularity of callipyge was due to hyperplasia or
hypertrophy. Before we initiated our experinents to determne if
the increased nuscularity of callipyge was due to hyperpl asia or
hypertrophy, we already had a preconceived notion that the
i ncreased nuscularity of callipyge was due to hypertrophy because
of observations that callipyge | anbs did not appear nore nuscul ar
at birth. That is, if callipyge was a result of increased
hyper pl asia, which occurs nostly prenatally, we would have
expected cal lipyge |anbs to be nore nuscular at birth.

We (Koohmaraie et al., 1995b) observed simlar estimtes of
appar ent muscle fiber nunber for nor nmal and callipyge
sem t endi nosus suggesting that hyperplasia was not responsible

for the increased nuscularity of callipyge |anbs. Furt her nor e,
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we (Koohnmaraie et al., 1995b) observed increased cross sectiona
areas of a-red and a-white nuscle fibers and a higher proportion
of o-white nuscle fibers for callipyge longissinus and
sem t endi nosus. The conbined changes in size of a-red and a-
white nmuscle fibers and the shift in nmuscle fiber types resulted
in overall estimates of Ilongissinus and sentendi nosus cross
sectional nuscle fiber area being 48 and 62% hi gher for callipyge
(Koohmaraie et al., 1995b). Collectively, these findings support
the hypothesis that the increased nuscularity of callipyge |anbs
is caused by hypertrophy and not hyperpl asi a.

| ncreased protein synthesis or decreased protein degradation?

Having established that the increased nmuscularity of
callipyge lanbs is caused by hypertrophy we next attenpted to
determine if the hypertrophy was a result of increased protein
synthesis or decreased protein degradation. In market |anbs, we
(Koohmaraie et al., 1995b) observed that the callipyge phenotype
i ncreased longissinus and sem tendinosus DNA, RNA, and protein
content by approximtely 30% suggesting a greater capacity of
callipyge nmuscles to synthesize and maintain protein. Al so, we
observed that cal pastatin activity was higher for nost skeletal
muscles from callipyge, suggesting that protein degradation may
be reduced in callipyge skeletal nuscles via cal pastatin-induced
down regul ation of calpain. In support of that hypothesis, we
showed that the relative effect of the callipyge condition on
wei ghts of the various nuscles was proportional (R = .91) to the
relative effect of the callipyge condition on calpastatin

activity (Figure 1).
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To establish if there was a direct effect of the callipyge
condition on protein synthesis or degradation, we (Lorenzen et
al ., 1997) neasured protein accretion, synthesis, and degradation
rates in muscles and tissues of 8 wk old |[anbs. Both the
fractional rate of protein synthesis and the fractional rate of
protein degradation were |ower for callipyge |ongissinms and
bi ceps fenoris. Addi tionally, for i nfraspi nat us and
supraspi natus, which are not hypertrophied by the callipyge
condition, neither the fractional rate of protein synthesis nor
the fractional rate of protein degradation was affected by
cal | i pyge phenotype (Figure 2).

Col l ectively, these findings support the hypothesis that the
i ncreased nuscle hypertrophy of callipyge lanbs is caused by
decreased protein degradation. But, present data do not permt
exclusion of a role of protein synthesis in causing callipyge-
i nduced nuscl e hypertrophy before 5 wk of age.

The Ant agoni sm

Because the callipyge phenotype greatly increases (19 to
12699 cal pastatin activity for nost major nuscles, the rate of
postnortem proteolysis is dramatically reduced for those
cal lipyge nuscles and, thus, those callipyge nuscles are nuch
tougher than nornal nmuscles even after extensive aging
(Koohmaraie et al., 1995b; Shackelford et al., 1997, Freking et
al ., 1998b). The negative effect of the callipyge condition on
neat tenderness appears to be particularly large for |ongissinus
(Shackel ford et al., 1997). In fact, oven roasting elimnates

the toughness of callipyge |lanb | egs (Shackelford et al., 1997).
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Therefore, nost efforts to insure the tenderness of callipyge
meat have focused on | ongi ssinus.
Mtigating the Callipyge Antagoni sm Cenetically

It appears that there is a direct association between the
effects of the callipyge condition on carcass nuscularity and
neat tenderness. Apparently, by increasing calpastatin activity,
the callipyge condition results in decreased rates of antenortem
and postnortem protein degradation. G ven that calpastatin
appears to play an essential role in the increased nuscularity of
callipyge, it appears that any attenpt to inprove the tenderness
of callipyge by selecting against calpastatin would result in a
| oss of both the positive and negative aspects of callipyge.

It mght be possible to mtigate the negative effects of the
callipyge condition on neat tenderness by selecting for genetic
conbinations that are noderate to the present callipyge
condition. That is, the optinmal genetic conbination m ght be one
that results in a nodest increase in calpastatin activity, a
nodest decrease in fractional breakdown rate, a nodest increase
in carcass nuscul arity, and a nodest decrease in neat tenderness.

Carwel |l Locus for Lanb Miscling

Recently, research in Australia suggested that a |ocus for
extreme nuscling was segregating in sone famlies of Australian
Pol | ed Dorset (Banks, 1997). The Carwell condition has been
reported (Nicoli et al., 1998) to result in a smaller increase in
| ongi ssinus area than has been reported for the «callipyge

condition (Koohmaraie et al., 1995b; Jackson et al., 1997b).
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Data are not vyet available for the effect of the Carwell
condi tion on neat tenderness.

The Carwell condition has been linked to the region of the
ovi ne genone that has been shown to contain the callipyge |ocus
(Cockett et al., 1996; Freking et al., 1998a). However ,
phenotypic data indicate that this condition is not as extrene as
the callipyge condition. It is possible that a different allelic
form of the sane gene as the one that causes the callipyge
condition causes the Carwell condition. The Carwell condition
appears to show the sane type of polar overdom nant inheritance
as Cockett et al. (1996) described for the callipyge phenotype.
As wth the callipyge phenotype, it appears that only
het erozygous individuals that have inherited the nutant allele
fromtheir sire and the nornal allele fromtheir dam express the
Carwel I phenot ype.

Mtigating the Callipyge Antagoni sm Environnentally

Nuner ous approaches to overconm ng the inadequate tenderness
of callipyge have been exam ned (Table 3). The first approach
explored for tenderizing callipyge was extended postnortem aging
(Koohrmaraie et al., 1995b). Koohmaraie et al. (1995b) reported
that aging callipyge longissinus from1l to 21 days resulted in a
25% (P < .001) reduction in Wrner-Bratzler shear force.
However, callipyge |ongissinms aged 21 days tended (P = .12) to
be | ess tender (higher VWarner-Bratzler shear force) than normal
| ongi ssimus at 1 day postnortem Thus, it appeared that aging
al one would not serve to overcone the inadequate tenderness of

cal | i pyge. This was confirmed by Busboom et al. (1997) who
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showed that Warner-Bratzler shear values were higher for
cal lipyge loin chops aged 80 days than normal |oin chops aged 14
days.

Cal cium activated tenderization has been shown to be an
effective nethod to increase the rate of postnortem proteolysis
in beef and | anb (Koohmaraie et al., 1993). Therefore, there has
been nmuch interest in the use of calciumactivated tenderization
as a nmethod to overcone the inadequate tenderness of callipyge.
All of the studies reviewed showed that «calciumactivated
tenderization resulted in inproved tenderness of <callipyge
| ongi ssimus (Koohmaraie et al., 1995a; Leckie et al., 1997;
Duckett et al., 1998). However, there was disagreenent anong
studies in the level of effect achieved wth cal ciumactivated
tenderi zation. \Wereas Koohnaraie et al. (1995a, 1998) reported
that calciuminjected callipyge |ongissinmus had Warner-Bratzler
shear values 41 to 113% higher than non-injected normnal
| ongi ssinmus, Leckie et al. (1997) reported that callipyge
| ongi ssimus injected wth calcium chloride and aged until 14 or
28 days postnortem had Warner-Bratzler shear values simlar to
non-injected normal |ongissinms aged until 14 days postnortem

Electrical-stimulation is a rather sinple tenderization
technology that <could be easily utilized by Ilanb packers;
however, high-voltage, high-frequency electrical stinmulation has
little or no effect on callipyge |ongissinus Wrner-Bratzler
shear force (Leckie et al., 1997; Shackelford et al., 1998).

Frozen storage has been shown to result in 1loss of

cal pastatin activity (Koohmaraie, 1990) and, thus, if beef
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sanples are frozen and held for approximtely 30 d, thawed, and
then aged, the rate of proteolysis may be slightly increased
(Crouse and Koohmaraie, 1990). Therefore, there has been
interest in using freezing as a nethod to decrease the |evel of
cal pastatin activity in callipyge nuscles. Leckie et al. (1997)
reported that freezing of callipyge chops for 4 days before
thawing and aging did not affect |ongissinmus Warner-Bratzler
shear force. However, Duckett et al. (1998) reported that when
cal li pyge chops were frozen at 24 h postnortem for 6 weeks and
subsequently thawed and aged for 24 days, callipyge chops had
| ongi ssimus Warner-Bratzler shear force values simlar to nornal
| ongi ssi mus chops.

Koohmaraie et al. (1998) showed that callipyge |ongissinus
tenderness could be inproved by Iimting the extent of postnortem
sarconere shortening. At approximately 17 mnutes postnortem
carcasses were subnmersed in liquid nitrogen for a period of 15
m nut es. This resulted in longissinus tenperatures of

approximately —-2.3 and -14.5°C at 35 and 62 mn after sl aughter,

respectively. This process did not conpletely inhibit rigor
short eni ng. However, as conpared with conventionally-chilled
carcasses, carcasses frozen in liquid nitrogen had increased

| ongi ssinmus sarconere length (1.99 vs 1.63 um. That increase in
sarconere length translated into a reduction in |ongissinus
Warner-Bratzler shear force of 32 and 30% at 7 and 14 days
postnortem respectively. Nonet hel ess, those shear values were
still 51 and 63% hi gher than nornmal |ongissinmus at 7 and 14 days

postnortem respectively. To consistently produce |oin chops
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with Warner-Bratzler shear values less than 5 kg, Koohnaraie et
al. (1998) found that it was necessary to conbine |liquid nitrogen
freezing, <calciumactivated tenderization, and aging in a
mul tiple hurdl e approach (Figure 3).

Anot her approach to tenderizing callipyge is the Hydrodyne
process, which functions by nmechanical disruption of the nuscle
ultrastructure (Solonon et al., 1997). Hydr odyne appears to be
an effective nmethod of instantaneous tenderization of callipyge
(Leckie et al., 1997).

Econom cs

As | anb producers, processors, and marketers nake plans to
strengt hen consunmer denmand for lanb, they wll be forced to
decide whether or not to wutilize callipyge genetics. | f
callipyge lanbs are produced, then packers, processors and
retailers will have to decide whether to tenderize callipyge |anb
before passing that product down the marketing chain to the
consuner. Utimtely, the consuner will decide to what extent
the desirable characteristics of callipyge offset its negative
effects on neat tenderness.

W have sunmmarized how each segnent of the marketing chain
woul d be affected if callipyge genetics were introgressed into a
termnal sire line (Table 4). Because the callipyge phenotype
does not affect survivability, dystocia, or growmh rate,
production of callipyge lanbs would have little effect on the
breeding segnent of the industry. However, commercial |anb
producers nmay have to pay a premum to procure honpbzygous

call i pyge rans. Lanb feeders would benefit from the inproved
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feed efficiency of callipyge. Packers would reap the benefits of
the effect of the callipyge phenotype on dressing percentage;
however, packers may have to bear the cost of tenderizing
callipyge. Retailers would reap the benefits of the effect of the
call i pyge phenotype on cutting vyields. Because of increased
nmuscl e size and the higher percentage of lean in callipyge cuts,
consuners would likely find callipyge cuts to be nore attractive
than typical lanb cuts. This would likely result in an initial
increase in the volunme of lanb sold by retailers. However
consuners may react negatively to the toughness of callipyge.
Therefore, introduction of callipyge lanb to the marketplace
m ght adversely affect long-term trends in lanb consunption
unl ess callipyge was tenderized sufficiently.

It is likely that the packing segnent will have to bear the
cost of tenderizing callipyge. Thus, we have approxi mated the
potential econom c benefits of callipyge to the packing segnent
(Table 5). In our calculations, we assuned that packers buy
| anbs on a |ive weight basis and sell three-way boxed lanmb. Wth
this approach, the only one of the advantages of callipyge that
would be captured by the packing segnent would be dressing
percentage. |If a packer were to fabricate carcasses into trinmed
subprimals, the callipyge advantage would be greater (Table 1).
We conservatively estimate that the multiple hurdle tenderization
approach described by Koohmaraie et al. (1998 would cost
$5. 00/ carcass. The econom ¢ advant age associ ated with the higher
dressing percentage of callipyge is likely great enough to offset

the cost of tenderization.
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Conparison to Double Miuscling in Cattle

Doubl e muscling in cattle, which is caused by nutations in
the nyostatin gene (Smith et al., 1997, 1998), and the callipyge
condition in lanb are simlar in that both conditions increase
carcass nuscul arity and decrease carcass fatness. However, there
are several distinct differences between double nmuscling in
cattle and the callipyge condition in lanb (Table 6). The
i ncreased nuscling associated wth double nuscling is primarily a
result of hyperplasia, whereas the increased nuscling associated
with callipyge is a result of hypertrophy. Because doubl e
muscling is a result of hyperplasia, which occurs primarily
prenatally, double muscling increases birth weight and the
i nci dence and severity dystoci a. Because callipyge is a result
of hypertrophy, which occurs primarily postnatally, callipyge
does not affect birth weight or the incidence and severity of
dystoci a.

Because doubl e muscling increases the incidence and severity
of dystocia, cowcalf producers have been reluctant to produce
doubl e-muscl ed cal ves. However, when internedi ate doubl e-nuscl ed
calves are produced by mating double-nuscled bulls to normal,
mature cows, the effect on birth weight and dystocia is snall
(Casas et al., 1998). Thus, internedi ate doubl e-nuscl ed cal ves
could be produced in a roto-termnal mating system w thout
del eterious effects on cal ving.

Whereas the callipyge phenotype has deleterious effects on

| ongi ssi nmus t ender ness (Koohrmaraie et al ., 1995b), t he
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internediate double nmuscl i ng phenotype  does not ef f ect
| ongi ssinmus tenderness (Casas et al., 1998).
Avoi di ng Ant agoni sns

The callipyge condition in lanb and double mnuscling in
cattle represent two different nmethods to increase carcass
muscul arity and decrease carcass fatness. However, both nethods
result in inprovenent in carcass conposition at the expense of
other traits. Gven the |ink between proteolysis rates in
antenortem and postnortem nmuscle, it would appear that selection
for decreased protein degradation would alnost certainly have
negati ve consequences on mneat tenderness. On the other hand,
selecting for increased hyperplasia wll al nost certainly
increase the incidence and severity of dystocia in cattle.
However, the internediate double nuscling phenotype only has
m nor effects on birth weight and the incidence and severity of
dystocia when internediate double nuscled calves are produced
from mature, normal phenotype cows. The effect of selection for

i ncreased hyperplasia on dystocia may be less in litter-bearing

speci es. Muscle growth could be increased by selecting for
i ncreased protein synthesis. However, selection for increased
protein synthesis may result in decreased efficiency of

utilization of protein as it has been shown that exogenous growh
hormone results in increased rates of both protein synthesis and
protein degradation (Tomas, et al., 1992). It would appear that
grow h hornone has the opposite effect on protein turnover as the

cal l'i pyge condi tion.
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Until marker-assisted selection schenes can be devel oped to
ci rcunvent genetic antagonisns, it appears that selection for any
trait should be conducted with attention to the effects of that
selection on other traits. Utimtely, the best alleles for neat
production may be those that have noderate effects on production
traits, carcass conposition, and neat tenderness rather than the

extrenme effects induced by callipyge and nyostatin.



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

17

Ref er ences

Banks, R 1997. Proc. Assoc. Adv. Anim Breed. Genet. 12: 598-
601.

Busboom J. R, R K Leckie, NN M rathje, P. S. Kuber, H H
Meyer, S. K.  Duckett, and G D. Snowder. 1997. Ef fect of
|l ong term postnortem aging on tenderness of callipyge and
normal lanb. J. Anim Sci. 75(Suppl. 1):177 (Abstr.).

Casas, E., J. W Keele, S. D. Shackelford, M Koohmaraie, T. S
Sonstegard, T.P.L. Smth, S. M Kappes, and R T. Stone.
1998. Association of the nuscle hypertrophy locus wth
carcass traits in beef cattle. J. Anim Sci. 76:468-473.

Cockett, N E, S P. Jackson, T. L. Shay, F. Farnir, S
Berghmans, G D. Snowder, D. M N elsen, and M GCeorges.
1996. Pol ar overdom nance at the ovine Callipyge |ocus.
Sci ence. 273:236-238.

Cockett, N. E., S P. Jackson, T. L. Shay, D. Nelsen, S S
Moore, M R Steele, R D. Geen, and M GCeorges. 1994.
Chronosormal | ocalization of the callipyge gene in sheep
(ovis aries) using bovine DNA markers. Proc. Natl. Acad.
Sci. USA 91: 3019- 3023.

Crouse, J. D., and M Koohmaraie. 1990. Effect of freezing of
beef on subsequent postnortem aging and shear force. J.
Food Sci. 55:573-574.

Duckett, S. K., T. A Ken M V. Dodson, and G D. Snowder
1998. Tenderness of nornmal and callipyge | anb aged fresh or

after freezing. Meat Sci. 49:19-26.



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

18

Freking, B. A, J. W Keele, C W Beattie, S. M Kappes, T.P.L.
Smth, T. S. Sonstegard, M K. N elsen, and K A Leynaster.
1998a. Evaluation of +the ovine callipyge |ocus: l.
Rel ati ve chronosonmal position and gene action. J. Anim
Sci. 76:(In press).

Freking, B. A, J. W Keele, S. D. Shackelford, T. L. \Weeler, M

Koohmaraie, M K N elsen, and K A Leynaster. 1998b.
Eval uation of the ovine callipyge |ocus: [11. Genot ypi c
effects on neat quality traits. J. Anim Sci. (I'n

preparation).
Jackson, S. P., R D Geen, and M F. Mller. 1997a.

Phenot ypi ¢ characterization of Ranbouillet sheep expressing

the Callipyge gene: l. | nheritance of the condition and
production characteristics. J. Anim Sci. 75:14-18.
Jackson, S. P., M F. Mller, and R D Geen. 1997b.

Phenot ypi ¢ characterizati on of Ranbouillet sheep expressing
the Callipyge gene: [I1. Carcass characteristics and retai
yield. J. Anim Sci. 75:125-132.

Jackson, S. P., M F. Mller, and R D. Geen. 1997c.
Phenot ypi ¢ characterizati on of Ranbouillet sheep expressing
the Callipyge gene: I11. Miuscle weights and nuscle wei ght
distribution. J. Anim Sci. 75:133-138.

Koohmaraie, M 1990. Quantification of Ca*”-dependent protease
activities by hydrophobic and ion-exchange chronotography.

J. Anim Sci. 68:659-665.



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

19

Koohmaraie, M, S. D. Shackelford, and T. L. Wheeler. 1995a.
Ef fect of calcium chloride on tenderness of neat from | anbs
with the callipyge gene. J. Anim Sci. 73(Suppl. 1):63
(Abstr.).

Koohrmaraie, M, S. D. Shackelford, and T. L. Wheeler. 1998.
Effect of prerigor freezing and postrigor calcium chloride
injection on tenderness of callipyge longissinmus. J. Anim
Sci. 76:(ln press).

Koohmaraie, M, S. D. Shackelford, T. L. Weeler, S. M Lonergan,

and M E. Doumt. 1995b. A nuscle hypertrophy condition in

lanb (Callipyge): characterization of effects on nuscle
growh and neat quality traits. J. Anim Sci. 73: 3596-
3607.

Koohmaraie, M, T. L. Weeler, and S D. Shackelford. 1993.
Cal cium chloride i njection/infusion to ensure meat
tenderness. Proc. Recip. Meat Conf. 46:68.

Leckie, R K, J. R Busboom G D. Snowder, S. K. Duckett, W F.
Hendrix, S. P. Jackson, J. D. Cronrath, M Solonon, T. Mori,
R Sainz, A \Wipple, P. S Kuber, N M Rathje, C
Carpenter, and N E Cockett. 1997. I nvestigating the
efficacy of various procedures to inprove tenderness of
cal lipyge lanb. Proc. Recip. Meat Conf. 50:179.

Lorenzen, C. L., M L. Fiorotto, F. Jahoor, H C Fretly, S. D
Shackel ford, T. L. Wueeler, J. W Savell, and M Koohnarai e.

1997. Determnation of the relative roles of nmuscle protein



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

20

synthesis and protein degradation 1in «callipyge-induced
nmuscl e hypertrophy. Proc. Recip. Meat Conf. 50:175.
Nicoli, G B., H R Burkin, T. E Broad, N B. Jopson, G J.

Geer, W E Ban, C S Wight, K G Dodds, P. F.

Fennessy, J. C. MEwan. 1998. Genetic |inkage of
mcrosatelite markers to the Carwell locus for rib-eye
muscling in sheep. Proc. 6" Wrld Congress on GCenetics

Applied to Livestock Production.

Shackel ford, S. D., T. L. Wheeler, and M Koohnaraie. 1997.
Effect of the callipyge phenotype and cooking nethod on
tenderness of several major |anb nuscles. J. Anim Sci.
75:2100- 2105.

Shackel ford, S. D., T. L. Wheeler, and M Koohnaraie. 1998.
Devel opnent of optimal protocols for neasuring shear force
in pork and lanb. J. Anim Sci. 76:In preparation.

Smth, T.P.L., E. C Casas, S. C. Fahrenkrug, R T. Stone, S. M
Kappes, and J. W Keele. 1998. Di scovery of myostatin as
the gene responsible for double nuscling, and inplications
for neat production. Proc. Recip. Meat Conf. 51:(In
press).

Smth, T.P.L., N L. Lopez-Corralles, S. M Kappes, and S. T.
Sonst egar d. 1997. Myostatin nmaps to the interval
contai ning the bovine mh [ ocus. Manm GCenone 8:742-744.

Solonron, M B., J. B. Long, and J. S. Eastridge. 1997. The
Hydr odyne: A new process to inprove beef tenderness. J.

Anim Sci. 75:1534-1537.



g b~ W

Tomas, F. M, R G Campbell, R H King,

R J.

Chandler, and M R Taverner. 1992.

i ncreases whol e-body protein turnover

Anim Sci. 70:3138-3143.

Johnson,

21

C S

G owth hornone

in grow ng pigs. J.



o o0~ W

22

L=

‘hange in muscle weight, %

!

20 10 0 10 20 30 40 50 60 70 8 90 100 110 120 130 140

Change in calpastatin activity, %

Figure 1. Relationship between the effect of the callipyge
phenot ype on cal pastatin activity of various nuscles
and its effect on nuscle weight. Adapted from

Koohmaraie et al. (1995).
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10

24

8T —e
] = = .
74
an [ [
56T
L
t 5 T
g
54T .
2
v 3+
E,
24 a a a a C b b ¢
n= n=8§ n=9 n=9 n=9 n=9 n=7 n=7
1 i i i i i i i |
Control CaCl, Control CaCl , Control CaCl, Control CaCl ,
Conventional chill ~ Liquid nitrogen Conventional chill ~ Liquid nitrogen
Normal Callipyge
Figure 3. Effects of pre-rigor freezing of |anb carcasses with

liquid nitrogen and post-rigor calciumchloride

i njection on sensory panel tenderness ratings of |anb

at 14 d postnortem Dots indicate the nean for each

subcl ass. Horizontal bars indicate the range for each

subcl ass. Letters above the x-axis indicate
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Table 1. Effect of callipyge phenotype on yields.

Trait® Nor mal Cal I'i pyge Change, %
Li ve wei ght, kg 52.2 52.8 1.1
Carcass wei ght, kg 26.6 29.2 9.8
Dressi ng percent age 51.0 55.3 8.5

-------- Bone-in yields as a percentage of carcass weight ------

Untri nmed 57.5 61.9 7.7
1/4" trinmred 54. 4 59.9 10.1
Compl etely trimred 50. 3 55.7 10.7

--------- Bone-in yields as a percentage of live weight --------

Untri nmed 29.3 34.2 16.

8
1/4" trinmred 27.7 33.1 19.5
Compl etely trimred 25.6 30.8 20. 2

------- Bonel ess yields as a percentage of carcass weight ------
Compl etely trimred 32.9 40. 2 22.2
--------- Bonel ess yields as a percentage of |ive weight -------

Compl etely trimred 16.8 22.2 32.6

‘Adapted from Jackson et al. (1997b).
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Table 2. Effect of the callipyge phenotype on nuscle weights at
vari ous ages.

Age, d
Muscl e* 28 84 169 775
---------------- Change, %----------------
Bi ceps fenoris 26. 3" 34.07 42. 17 45. 8"
Seni menbr anosus 25.0" 37.57 38.37 47.5"
Longi ssi nus 17. 4" 23.7" 32.1° 43.9"
d ut eus group 31.07 35.97
Adduct or 19. 77 28.8" 30.07 37. 4"
Semi t endi nosus 18. 4" 10. 77 26. 4" 33.17
Psoas group 20. 4" 29.07
Quadriceps fenoris 18. 8" 13.9
| nf raspi nat us 6.9 4.6
Supr aspi nat us 2.9 -0.1

‘Adapted from Koohmaraie et
al. (1998).
P < .01.

al. (1995) and Shackelfo

rd et
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Table 3. Effect of various tenderization nethods on tenderness
of broiled callipyge |ongissimnms chops.

Experi nent and treatnent Nor mal Cal l'i pyge
Koohmarai e et al., 1995a
1 d postnortem 7.5° 10. 9°
7 d postnortem 4. 7° 10.1°
21 d postnortem 3. 3¢ 8.2"
Busboom et al ., 1997
14 d postnortem 3. 8° 7.2°
80 d postnortem 3.3° 5.0°
Shackel ford et al., 1998
Posterior end of loin
Not stinulated, 14 d postnortem 4.0° 5.5
Electrically-stinmulated, 14 d 6.0°
post nortem
Anterior end of loin
Not stinulated, 14 d postnortem 4. 0° 7.3
Electrically-stinmulated, 14 d 6.0°
post nortem
Koohmarai e et al., 1995Db
Not injected, 7 d postnortem 3.2° 9.5°
Cad ,-injected, 7 d postnortem 3.0° 6.8°
Not injected, 21 d postnortem 3.2° 6. 4°
Cad ,-injected, 21 d postnortem 2.8° 4. 5°
Leckie et al., 1997
14 d postnortem 3.3
CaCl ,-injected, 14 d postnortem 3.6
CaCl ,-injected, 28 d postnortem 3.1
Hydr odyne, 14 d postnortem 3.3
W thin an experinent, nmeans that do not share a conmon

superscript letter differ (P > .05).
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Table 5. Estimated effect of the callipyge phenotype on
profitability of the |anb packing industry.

Tenderi ze

d

I tem Normal Callipyge Callipyge
Li ve wei ght, pounds 115 115 115
Li ve cost, $/cwt $90. 00 $90. 00 $90. 00
Live cost, $ $103.50 $103.50 $103.50
Dr essi ng percent age 51.0 55.3 55.3
Car cass wei ght, pounds 58.7 63.6 63.6
Three-way boxed | anb val ue, $/cwt $188.00 $188.00 $188.00
Three-way boxed | anb val ue, $ $110.26  $119.56  $119.56
Tenderi zati on cost $0. 00 $0. 00 $5. 00

Net Cal |l i pyge advantage, $ $9. 30 $4. 30
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Table 6. Conparison of the genetic antagoni sns associated with
the cal li pyge phenotype in |lanb and the internmedi ate and extrene
doubl e- muscl ed phenotypes in cattle.

Phenot ype®
I nt er nedi at e Extrene

doubl e doubl e
Cal | i pyge® muscl i ng® muscl i ng°
Hyper pl asi a 0 +++ +++++
Hypertrophy ++++ + +
Dystoci a 0 + +++++
Birth wei ght 0 + ++++
Weani ng wei ght 0 ? ?
Feedl ot rate of gain 0 ? ?
Feed efficiency + ? ?
Dr essi ng percent age + + +++
Organ wei ghts + + ++
Ki dney- pel vi c fat + + ++
Subcut aneous f at + + ++
I nt ermuscul ar fat + + ++
I ntranmuscul ar fat ++ + ++
Muscl e: Bone ++ ++ +++
Cutability ++ ++ ++++
Longi ssi mus t ender ness -- 0 0
Tender ness of muscles with - 0 ++
hi gh connective tissue
cont ent
‘Assunes that the conventional scenario is that nornal

terminal line ranms are mated to normal naternal |ine ewes and al

offspring are slaughtered in a termnal crossing system The
nunber of “+” or “-" indicates the degree of favorable (+) or
unfavorable (-) effect, and “0” indicates no effect of replacing
the normal terminal line rans with honbzygous callipyge term na
line rans.

"Assumes that the conventional scenario is that normal,
termnal line bulls are mated to normal, nmature (second parity or
hi gher), maternal line cows and all offspring are slaughtered in
a roto-termnal crossing system The nunber of “+” or *“-7
i ndi cates the degree of favorable (+) or unfavorable (-) effect,
and “0” indicates no effect of replacing the normal termnal |ine
bulls with honmbzygous doubl e-nuscled termi nal |ine bulls.

‘Assunes that the conventional scenario is that normal,
terminal line bulls are mated to normal, nmature (second parity or
hi gher), maternal line cows and all offspring are slaughtered in
a roto-termnal crossing system The nunber of *“+” or *“-7
i ndicates the degree of favorable (+) or unfavorable (-) effect,
and “0” indicates no effect of replacing the normal termnal |ine
bulls with honmozygous double-nuscled termnal line bulls and
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replacing the normal maternal line cows with honozygous doubl e-
nmuscl ed cows.



